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Corneocyte layer formation rate using dansyl chloride 
as corneocyte marker was followed in noninvolved skin 
during a p eriod of 2 w eeks after that the skin had been 
subjected to cellophane stripping. The rate increased 
after stripping in 7 of 9 tested but it was not paralleled 
by any apparent parakeratosis. In 1 of 9 patients a 
Koebner reaction occurred. The corneocyte formation 
rate in the Koebner reaction was 6.1 times that of the 
noninvolved skin and with a degree of parakeratosis of 
41 %. In i!!.""lved skin, a positive correlation, coefficient 
0.81, was shown between corneocyte layer formation 
rate (range 3.9-15.2 layers/day) and degree of paraker-
atosis (range 24-100%). In the skin 5 to 14 days after 
stripping the rate of formation of the corneocyte layer 
varied from 1.6 to 8.2. In the noninvolved and involved 
skin the m ean rate was 2.2 and 9.7, respectively. In the 
stripped skin e pidermal glucose-6-phosphate dehydro-
genase and pyruvate kinase activities generally were the 
sam e as those of the noninvolved skin. In the Koebner 
reacting epidermis the 2 enzymes w ere increased 2.2 and 
1.1 times the noninvolved levels but were statistically 
not significantly increased from control values. 
E nhanced proliferation, increased m etabolic activity and d e-
fective keratinization are recognized alterations of the fully 
developed psoriatic lesion. The temporal relations of these 
changes are still unknown in t h e very early lesion but it is 
feasible to suppose that th ey are interrelated . An experimenal 
approach to this problem is to investigate t hese p aram eters 
during an experimen tally induced Koebner r eaction. 
T h e isomorphic r esponse or the Koebn er reaction was fIrst 
described in 1877 a nd subjected to several studies s ince then 
[1-7]. Approximately 25% of psoriatics relate the occurrence of 
this phenomenon after a skin trauma 10 to 14 days after injury. 
Subjects with the exudative guttate varia nt of psoriasis are 
prone to this reaction. 
In t h e present study a group of psoriatic patients admitted 
fo r t reatm en t were utilized for a study of the proliferation of 
the skin after standardized stripping and its possible relation-
ship to morphological changes such as parakeratosis, and bio-
ch e mical a lterations of enzyme levels in the epidermis . Our 
question was whether th ese alterations are temporally related 
and in which order do they occur? 
Biochemical studies of the epidermis were done on the same 
biopsy m aterial used for the m easurem en t of the corneocyte 
formation rate. G6PDH was chosen as a marker of cell activity, 
s ince it is known that epidermal G6PDH is increased in activity 
during wound healing [8] a nd in the psoriatic lesion[9]. 
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MATERIALS AND METHODS 
Nine psoriatic patients were studied, 6 males and 3 females, age 39-
76 yr old with the average 58 yr. It was possible to obtain only 2 patients 
with the exudatine variant of psoriasis since these patients rarely are 
admitted as in-patients any longer. Treatment consisted of dithranol 
0.05 to 2% in emulsified white petrolatum, saline tube baths and UV-
lights irradiations. The test area was selected on the left forearm and 
it was protected from all treatment as long as our experiment was 
carried on. 
Collection of Epidermal Sites 
The horny layer was stained by application of 5% dansyl chloride in 
white petrolatum occluded under an aluminum chamber with a diam-
eter of 8 mm [10). 
The morphology of the horny layer influenced the t ime for the 
complete staining of the corneocytes. Noninvolved skin was stained for 
48 hr as determined earlier [8). Less t ime (8 hr) was needed to stain the 
horny layers of psoriatic lesion, and the stripped skin required 24 hr. 
These occlusion times were determined by preliminary investigation. 
In the non involved skin 2 small areas at a distance of 4 to 8 cm from a 
psoriat ic lesion were stained. After 48 hr a biopsy was taken in one of 
the areas. The second biopsy was taken in the remaining area 4-6 days 
late r. In patient No.5 noninvolved areas had to be selected only at 
about 1 cm from surrounding lesions of widespread psoriasis. 
The psoriatic lesions investigated in 2 patients were guttate (about 
I cm in diameter) and in 7 subjects small plaques abou t 2- 3 cm in 
diameter. Two areas, the centers of the former or the borders of the 
latter were used for staining. Biopsies were obtained immediately after 
staining and 1 or 2 days later depending on how much of corneal 
flu orescence remained. 
The stripped area, 2 x 6 cm, was obtained using cellophane tape 
stripping after hydration [9] until surface glistered. Three spots at a 
distance of 1 cm from each other were randomly selected on the treated 
area for staining on the 4th day after stripping. From these spots 
biopsies were taken on day 5, 8 and 11 after stripping. Two new areas 
within the stripped region were stained at day 10 and biopsies taken 
days 11 and 14 after stripping. 
In one patient (No.4) a psoriasiform lesion appeared on the 12th 
day. Th is area was stained for 8 hr and the fust biopsy was taken 
immediately thereafter and the second one 2 days later on day 14. 
Biop sy Material 
This was obtained from the different sites on the forearm by punch 
biopsy without anesthesia, immediately frozen in cold isopentane 
(-70°C) and kept in a deep freezer (-80°C) un til processed. 
30 sections, cut at 9 p.m on a cryostat, were used for identification of 
the dansyl chloride, 6 sections were stained in hematoxylin and eosin 
and the remaining part was cut at 2 p.m, freeze dried and then stored at 
-30°C under pure argone in glass tubes for fur ther use in the enzyme 
study. 
Measurement of Corneocyte Formation. 
The identifIcation of dansyl chloride was done as earlier described 
[10). The number of unstained layers were recorded from at least 15 
different locations on the sections as outlined earlier [10). The averages 
were then used for calcula tion of corneocyte formation and expressed 
as unstained layers formed per day. 
Measuremen.t of Paralleralosis 
T his work was supported by grants fTom Edvard Welander and 
Finsen Foundations, the Karolinska Institute and the Swedish Psoriasis 
Foundation, Stockholm, Sweden. Informed consent was obtained from 
each patient and t he study has been approaved by the committee of 
ethics of the Karolinska Institute. The hematoxylin and eosin slides were examined at 160 x magnifi-
of cation. The bottom third of the horny layer was scanned for paraker-
atotic ce LIs. The total length of the section was divided into 48 p.m 
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segments by an ocular micrometer. Each segment containing paraker-
atotic cells was counted. These segments in percent of the total numbers 
of segments coun ted were compu ted. The mean value obtained from 
the pair of biopsies used for measurement of corneocyte formation was 
used as an estimation of parakeratosis. 
Measuremen.t o[ En.zym.es 
The Lowry techniques [12] were used to meaSUl"e the enzymic 
activity of glucose-6-phosphate dehydrogenase (E C 1.1.1.49) G6PDH 
[13] and pyruvate kinase (E C 2.7. 1.40) PK in basal and subcorneal 
ru'eas of the epidermis [12]. Sample weights of dissected specimens 
varied between 100-200 ng weighed on a quartz fi ber balance, 11 ng/ 
scale uni t. The specimens were incubated at 38°C [13]. Enzyme activity 
is given in m kat/kg dry weight [14]. 
RESULTS 
Proliferation 
The corneocyte layer formation in noninvolved and involved 
psoriatic skin was 2.2 ± 0.4 and 9.7 ± 1.4 layers formed per day, 
given as the mean and its standard en ol' (Ta ble). The difference 
was significant by t-test P < 0.001. The non involved skin value 
was 1.8 ± 0.2 if patient No.5 was exclud'ed in whom material 
was obtained Ileal' to a lesion. In comparison in an earlier 
control material [10] corneocyte layer formation per day was 
1.1 ± 0. 1. Thus, t he non involved skin in psoriasis had 55% 
higher proliferation rate. This difference was also significant, P 
< 0.025, by the rank test of Kruskal and Wallis [15]. In the 
noninvolved skin stripping increased th e proliferation rate by 
48% compared to cont rols. Three of th e patients had the highest 
increase in the 5- to 7-day period , and 5 of 9 pa tients in t he 8-
to ll-day in terval. The highest rate of corneocyte formation in 
the interval was significan t against noninvolved skin when the 
differences of each pair were tested by at-test, P < 0.05. 
The rate of formation of corneocyte layers in t rus study 
displayed large variation among individuals (Ta ble). The coef-
ficien ts of variation in the noninvolved and involved skin was 
55 and 41 %, respectively. In t he earlier reported control material 
[10] it was 26%. When the variances in psoriasis were tested 
against the normals the 2 psoriatic gr oups had significantly 
larger variances, P < 0.001. This was still valid if patient 5 was 
excluded from th e non involved group, P < 0.05. 
Paraheratosis 
T he resul t is summarized in Fig 1. In the involved skin 6 
patients had newly formed parakeratotic horny layers in more 
than 74% of t he surface length while the remaining 3 patients 
had values around 30%. When their values were correlated with 
t he proliferation rate, th e coefficient of cOlTelation was 0.81, 
significant at P < 0.01. 
All the slides from the stripped skin showed minu te para-
keratosis. It was less than 15% even in t he case when th e rate 
of formation of corneocyte layers was 8.2 layers per day. 
Enzyme Activities 
The activit ies in subcorneal and basal parts of the epidermis 
are summarized in Fig 2 and 3. The average level in th e 
epidermis of G6PDH was 0.42 and 1.27 m kat/kg in noninvolved 
and involved epidermis, respectively. The activities were 40 and 
19% rugher in subcorneal than that in basal parts of th e epider-
mis. The non involved levels rem ained unchanged dW'ing the 
observation period of th e stripped skin (Fig 2). 
The average level of PK was 2.38 and 3.21 m kat/kg in 
noninvolved and involved epidermis, respectively. T he activi-
t ies were 22 and 16% high er in t he basal t han that of subcorneal 
par ts of t he epidermis. T he non involved levels were unchanged 
during the observation period after stripping (Fig 3). 
No con elation was evident between enzyme activit ies and 
proliferation rates. It may be noted that the 3 patients with 
little parakeratosis had th e sam e average enzyme levels as that 
of the whole group. 
It may be noted that patien t No. 5 (Table), who had the 
exudative and extensive lesions had G6PDH level in the non-
involved skin at 0.8 m kat/kg. In the stripped skin t he average 
levels of G6PDH obtained in 4 biopsies varied between 0.48 and 
0.72 m kat/kg. These levels were a bove the average noninvolved 
skin level of 0.42 m kat/kg. H owever, only lout of the 8 
determinations made were above t he 95% confidence interval 
of the level obtained in t he noninvolved skin of the the remain-
ing 8 patients. T he conclusion was drawn that the enzymic 
activity in t his pa tien t was probably not different from control 
levels. 
Koebner Reaction 
One of th e 9 patien ts (No. 4) responded with a psoriasiform 
reaction in a par t of th e stripped ar ea on day 12. He had an 
increased formation of corneocyte layers 2.2 t imes t hat of the 
noninvolved skin in t he nom eacting par t of t he stripped area 
and this increased to 6. 1 t imes in the part that showed the 
K oebner reaction. 
The quotien t of the rates of the formation of corneocyte 
layers in involved and noninvolved skin (Table) varied bewteen 
2.0 and 10.1 t imes with a mean of 4.9 ± 1.0 (SEM). 
The histology of t he Koebner lesion displayed an inflamma-
tory inftltrate underneath an acanthotic epidermis with islands 
Corneal [ormation rate in psoriatic patien.ts subj ected to cellophane strippin.g" 
Psoriatic skin 
No. Sex Age 
Non-involved Involved 
1 M 44 1.9 3.9 
2 M 49 1.5 15.2 
3 F 55 2. 1 10.1 
4 M 39 1.4 6.4 
5 M 76 4.8/0 11.5 
6 F 68 1.9 14.0 
7 M 53 0.9 4.0 
8 M 58 2.8 9.4 
9 F 63 12.8 
Mean and SEM: 2.2 ± 0.4 9.7 ± 1.4 
Control subjects 1.1 ±0.1' 
non psoriatics 
Stripped non-involved skin 
examined after stripping on d~ys 
5-8 8- 11 11- 14 
2.0 2.3 
2.0 2.9 2.9 
2.3 1.7 
2.9 3.6 2.9", 8.5" 
8.2 6.7 4.3 
2.2 2.6 2.3 
3.3 2.0 2.1 
1.6 2.0 1.0 
1.9 2.6 2.7 
2.9 ± 0.7 3.0 ± 0.6 2.5 ± 0.3 
Mean percentual increase in the 3 
stripped imervals compared to non-
involved skin 
11 
73 
-10 
123 
33 
25 
174 
-45 
48 ± 25 
" The rate is taken from 2 measures of stained horny layers (5% dansyl chloride) . In non involved skin interval of observation was 4-6 days, in 
involved skin 1-2 days and in stripped skin as indicated in the head. The rate is expressed as means of layers formed per day. 
b Material obtained 1 cm fro m psoriatic lesions. 
C Non reacting part of the stripped area. 
" Koebner reacting part of stripped area, time in terval day 12-14. 
C Mean ± SEM of 10 subjects [8]. 
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FIG 1. Relationship between degree of parakeratosis and number of 
corneocyte layers formed per day. Open circles: noninvolved psoriatic 
skin. Closed circles: involved skin. Open squares: noninvolved psoriatic 
skin after cellophane stripping. Closed square: Koebner reaction on 
day 12th after stripping. The values in this patient in nonreacting 
stripped skin and in the lesion have a mark attached to the symbols. 
Regression between parakeratosis (P) and corneocyte formation (F) is 
in involved skin: P = 6.7 + 6.6 F (r = 0.81) and in both involved and 
noninvolved skin it is: P = - 12.7 + 8.1 F (r = 0.92). 
L. 
>..~ 1.6 
;~ 
:.= >. 1.2 g-o 
. ':J~ 0.8 
E '-.. 
>. ..... 
~ ~ 0.4 
wE 
Psoriatic 
epidermis 
Non-
involved Involved 
skj n skin 
Stripped skin from 
non-involved psoriasis 
Material taken after s tripping at doy 
5 8 11 11. 
FIG 2. Activity of glucose-6-phosphate dehydrogenase in nonin-
volved and involved psoriatic skin and the effect of cellophane stripping 
on the activity. Means and standard errors are given and expressed as 
m kat/kg dry weight in subcorneal (open) a nd basal (stippled bars) 
parts of the epidermis. 
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FIG 3. Activity of pyruvate kinase in noninvolved and involved 
psoriatic skin and the effect of cellophane stripping on the activity. 
Means a nd standard errors are given expressed as m kat/kg dry weight 
in subcorneal (open) and basal stippled bars) parts of the epidermis. 
of parakeratosis in the horny layer. The proportion of para-
keratosis was 41 %. No parakeratosis or inflammation were 
present in nonreacting stripped skin. 
The enzymec activities in this patient was 1.08 and 0.75 for 
G6PDH m kat/kg and 2.51 and 2.80 m kat/kg for PK in 
subcorneal and basal parts of the epidermis, respectively. These 
values did not fall outside the 95% confidence intervals of non-
involved enzyme activities as estimated from t-values. 
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DISCUSSION 
The turnover of the epidermis can be described as a produc-
tion of cells in the basal parts followed by movement of the 
cells towards the surface as they differentiate and eventually 
cornify. 
If the germinal cell population is constant the velocity of the 
movement of cells (growth rate) is proportional to the growth 
fraction and inversely proportional to the length of the cell 
cycle time. The advantage of the present approach is that it is 
the net flow of cells through the epidermis which is measured 
and it is equal to the growth rate if the germinative part is not 
varied . 
An increased labeling index has been reported in non involved 
skin of psoriatic patients when compared to the normal skin of 
healthy subjects [16,17]. Born [17] has reported an increased 
labeling index together with a decreased number of grains over 
labeled cells in noninvolved psoriatic skin as compared to the 
normal healthy skin. 
One may make the assumption that the grain density is 
inversely proportional to the length of time of the S phase. 
Then, the explanation for the increase in the labeling index in 
the noninvolved skin remains that the growth fraction is in-
creased or that the cycle time is decreased [18]. The conse-
quence is an increase of the growth rate in the noninvolved skin 
compared to controls. The corneocyte formation rate of 1.8 
layers/day found in our noninvolved skin was 55% above that 
of the healthy controls in our earlier study [8]. This is in 
agreement with the result of Born. 
The rate of formation of corneocyte layers in both the un-
treated noninvolved and involved psoriatic skin varied consid-
erably from that shown in normal skin (Table). The conclusion 
which suggests itself is that the epidermal proliferation besides 
being somewhat greater also is more unstable in the nonin-
volved skin of the psoriatic patient. 
It is generally agreed that the turnover time of the psoriatic 
epidermis is increased compared to normal skin. Its level may 
vary, since differences are present between individuals [19] as 
well between different lesions in the same subject [20]. A larger 
mitotic index is also found when parakeratosis prevails [21]. 
Our findings of increased corneocyte formation, individual vari-
ation and the correlation between rate of formation and degree 
of parakeratosis are in accordance to the results mentioned 
above. 
Although our aim to provoke Koebner reactions was success-
ful only in one patient the enhancement of the corneocyte 
formation throughout the observation period of 2 weeks war-
rants a comment. In the normal skin stripping gives rise to a 
short burst of proliferative activity measured as increased la-
beling index, which subsides to the starting level within 5 days 
[22]. In that study the labeling index of the noninvolved skin 
was still elevated at that time. It was not possible during our 
study to persuade normal controls to participate in stripping 
experiments, however. 
It seems, however, that the study cited [22] combined with 
our results may indicate that the perturbation released by the 
stripping is not that easily overcome in psoriatic skin pointing 
at a regulatory defect in the growth rate control in psoriatic 
epidermis. This effect seems not to concern faulty keratiniza-
tion, however. The increased rate of formation of corneocyte 
layers up to 8 layers/day in patient 5 still was accompanied by 
only 3% parakeratosis. It may be noted that this was present 
without an inflammatory infIltrate underneath the epidermis. 
In the psoriatic lesion [9], and during wound healing [8] the 
activity of G6PDH is increased. The current view indicates this 
alteration secondary to the increased cell activity and turnover 
in these situations. Our results confirm again an increased 
activity of G6PDH in the psoriatic lesion. The activities in oW' 
cases are narrowly distributed. The activities did not reflect the 
proliferative status as recorded by the formation rate of corneo-
cyte layers, however, since there was no correlation between 
rate and activity. 
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On the other hand it is notable that in the stripped skin 
activities of G6PDH and PK were not altered. This was not 
expected in the light of the wound healing experiment [8]. Our 
interpretation is therefore that the metabolic demands still are 
within the "normal" range and that the stripping gives rise to 
increased cell production without an early induction of G6PDH 
and PK formation in the psoriatic skin. 
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